assumed to arise from metabolic products of the fungus with direct incorporation of constituents of the nutrient medium. The formation of memnopeptideA suggests this maybe a mechanism for storage of amines by the fungus. Memnopeptide A has weak antibacterial activity against Gram-positive bacteria and effects half-maximal activation of sarco(endo)plasmic reticulum Ca2+ ATPase (SERCA2)at a concentration of 12.5-^m.
The isolation of the inositol phosphatase inhibitor L-671,776 from cultures of the strain Memnoniella echinata ATCC 20928 was reported in 1992 by Y. K. T. Lam, et ah In this initial report a phenylspirodrimane structure^was postulated for the compound, which was subsequently revised on the basis of a synthesis described by J. R. Falck, et al2) The initial paper from Merck Sharp and Dohme1} prompted a number of research groups to launch investigations into the metabolic products of the fungus Memnoniella echinata3\ leading to the discovery of further sesquiterpenyl phenols, the memnobotrins4) and memnoconols4).
In stachybotrin A, spirodihydrobenzofuran lactam, and stachyflin all contain a 5-membered lactam structure, a nitrogen-containing subunit which-the quite different alkaloids aside-is comparatively rare in terpenes.
In the course of target-oriented screening for inhibitors of glucose-6-phosphate translocasen) we also investigated nutrient media used to culture Memnoniellaechinata and detected weak inhibitors of this enzyme. The unusual properties and high nitrogen content of one of the natural products we isolated led us to study the substance class detected more closely. Described herein is the isolation, structure determination, and some biological properties of the novel terpene peptide, which we have named memnopeptide A (1), whose unusual composition allows us to draw someconclusions as to the mechanismof its origin. Anattempt is also made to provide an explanation for the common occurrenceof terpene lactams in cultures of the fungus Memnoniella echinata and of Stachybotrys species.
Results
Our screening program for glucose-6-phosphate translocase inhibitors was carried out using the imperfect fungus Memnoniella echinata FH 2272, which was derived from the strain Memnoniella echinata ATCC20928. inhibitors. Also isolated was the inositol monophosphatase inhibitor L-671,7761}, which was found to be inactive in the G-6-P translocase assay. L-671,776 was identified on the basis of its molecular weight of 388.51, its mass spectrum, and NMRmeasurements.
To obtain the G-6-P translocase-inhibiting components of the polar 25-30% fraction of the adsorption resin eluate, the basic metabolic products, which also showed inhibitory activity, were isolated using a cation exchange column. We succeeded in further purifying this still complex mixture of basic secondary metabolites by preparative HPLC, which yielded both colorless and yellowish red compounds, each containing a terpenoid moiety plus an amino acid component. The amounts obtained varied. Weinvestigated an active main component, memnopeptide A, of which 140mg was obtained. Its UV absorption spectrum, which showed a maximum at 269 nm and a shoulder at 300-310nm, provided further evidence OCT. 2001 of the presence of a sesquiterpenylphenol substructure. Amino acid analysis after hydrolysis in constant boiling hydrochloric acid revealed the constituents Glu (2), Pro (4), His (2), and Leu (1) . The ESI mass spectrum shows an intense protonated molecular ion MH+at mlz 1565.5 and a doubly charged ion at mlz 783.3 to give a monoisotopic molecular mass of 1564.5. From the molecular mass, it can be deduced that the number of nitrogen atoms is even. The relative stereochemistry within the terpenoid moiety as depicted in Fig. 1 correlation between the phenolic OHsignal (at 9.75ppm) and the sole phenyl proton signal (H-3' at 6.598) indicates the proximity of these two protons.
The sequence of the 10 amino acid residue peptide was determined from the mass spectrometric fragmentation pattern (see below), significant overlap of the Ca proton- Fig. 1 .
ROEPSTORFF 20)).
The fragmentation of the pseudomolecular ion at mlz 1565.5 is dominated strongly by an unusual neutral loss of 64Da to give an ion at mlz 1501. However, the MS3 spectrum of'mlz 1501 reveals the whole B-series from B{ to B10. In addition to the corresponding Y"5 to Y"9-fragments, this allows the sequence His-Gln-Pro-His-Gln-Pro-LeuPro-Pro to be deduced. Table 3 lists all expected B-fragments, (B-64Da)-fragments, and Y"-fragments. The fragments present in the MS3 spectrum (Fig. 3) are shown in bold. The terpenoid moiety of the memnopeptide A, which has been fully characterized by NMR, shows no significant mass spectrometric fragments. The neutral loss of 64Da must therefore arise from the first aminoacid, which cannot be cleaved because the TV-terminus forms part of an imide structure. Deducting the masses of all known substructures from the measured pseudomolecular ion, we arrive at a mass of 91.0210Da for the missing amino acid residue. The only reasonable composition that would account for this mass difference is C3H7SO. This can be rationalized by an oxidized methionine residue, which also explains the observed loss of64 Da (as CH4SO).
The final amino acid sequence therefore reads (ox)MetHis-Gln-Pro-His-Gln-Pro-Leu-Pro-Pro.
On the basis of the above peptide sequence and from the phenylspirodrimane structure inferred from the NMRexperiments, the structure ofmemnopeptide A is as shown in Fig. 1 MemnopeptideA was also found to cause activation of the sarco(endo)plasmic reticulum Ca2+-ATPase24) (EC 3.6.1.38, Ca2+-transporting ATPase). The contraction process of the heart muscle involves shortening of the Table 5 , Stimulation ofSERCA2activity in the presence ofmemnopeptide A; Ca serves as control. OCT. 2001 myofibrils. This is initiated by motor nerve impulses, which the calcium depots. In myocardial insufficiency (heart within a few milliseconds trigger an influx of extracellular failure), Ca2+concentration in the myofibrils is reduced, calcium ions (Ca2+) into the sarcoplasmic space, emptying Ca2+ ions are, however, essential for the activation of the for Ca2+, and hence in an increase in the rate of transportation of Ca2+ions into the sarcoplasmic reticulum. SERCA2 activators would therefore be expected to have a beneficial effect in heart failure. Semi-maximal activation of SERCA2 is achieved at a memnopeptide A (1) concentration of 12.5/im ( Table 5 ). The molecular mechanismof this activation is not known.
Discussion
In a number of previous publications1~10) Memnoniella echinata and Stachybotrys species have been reported to form a large number of sesquiterpene polyketides with structures containing-in addition to the terpene subunitsubstituted aromatic or^o-dialdehydes, 2-hydroxymethylbenzaldehydes, and benzoic acids, the latter normally being present in the lactone form as phthalides, i. e. as l (3H)-isobenzofuranones. A parallel with the discussed sesquiterpene polyketides is seen with the azaphilones26). Azaphilones, for example sclerotiorin27), are yellow pigments obtained from Penicillium spp. and other various fungal species. These compounds contain isochromane rings as a characteristic commonstructural element and generate red reaction products with amines26), even at ambient temperature. A diversity of relatively weak biological effects has likewise been reported for the azaphilones, though a structureactivity relationship remains unclear, with the exception of a high reactivity with lysine28). The obvious inference here 
Materials and Methods

General
Quantitative ultraviolet absorption spectra were recorded using a Cary 1 18 B spectrophotometer (Varian, Darmstadt,
for all other purposes, including the performance of HPLC analyses, Hewlett-Packard series 1 100 equipment fitted with diode array detectors was used.
Preparative HPLC was carried out using Pharmacia equipment (Uppsala, Sweden). MemnopeptideA was eluted from the column with 0.75 m NaCl (fractions 31 and 32). These fractions were pooled and concentrated under vacuum to approximately 500 ml. This salt-containing enriched solution of memnopeptide A was chromatographed on a 500 ml Nucleosil® 100-7 C18AB
column (Macherey & Nagel, Diiren, Germany), which was eluted at a flow rate of 50ml/minute with a gradient of 
MassSpectrometry
Mass spectra were recorded on a Finnigan MATLCQion trap mass spectrometer equipped with an electrospray ionization source. The sample solution was introduced using a syringe pump.
The mass spectrometer was operated in the positive mode, with electrospray ionization (ESI). The heated capillary was kept at 220°C, and a 40V potential was applied. The conversion dynode was set at 15kV, the electron multiplier at 1.0 kV, and the spray voltage at 5.0 kV The sheath gas was nitrogen at a pressure of 70psi. No auxiliary gas was used. For the MS/MSanalysis, a 2ju wide window was used for isolation of the precursor. A relative excitation energy of 35% was applied to dissociate the precursor ions (MS/MS). The daughter ions were unit resolved across the VOL.54 NO. 10 THE JOURNAL OF ANTIBIOTICS scan range. Three microscans were acquired over the mass range of 420-2000, with a target threshold of 1X106 for automatic gain control (AGC). The mobile phase was 50 : 50 acetonitrile-water (0.01 m NH4OAc, pH 4.5) with a flow rate of 2 /il/minute. The sample was dissolved in the mobile phase to a concentration of 0.5 mg/ml.
The software package Navigator (Finnigan), version 1. 1 was used for instrument control and data processing.
The high-resolution fast atom bombardment (FAB) measurements were recorded on a VG ZAB 2-SEQ instrument (Micromass).
Sarco(endo)plasmic Reticulum Ca2+-ATPase (SERCA2)
Assay
The assay was performed in the 96-well microtiter plate format as a single-point determination. The final assay volume was 100/A and the final extract dilution was 1 : 50. Frozen sarcoplasmic reticulum microsomesfrom canine heart were thawed at ambient temperature and centrifuged for 10 minutes at 4400 #. The supernatant was diluted with buffer 1 (25him MOPS-K, 120him KC1, 2mM MgCl2, pH 7.0) to a concentration of 0.4 mg protein/ml.
In a typical assay, 15 /A (6 /ig protein) of the microsomal preparation was preincubated with 10jA of the microbiological extract (prediluted 1 : 5) for 15 minutes at 37°C. SERCA2 activity was induced by adding 75jA of buffer 2 (buffer 1 plus 2mM ATP, 5mM NaN3, 0.5mM EGTA, 1.5/xm Ionophore A 23187, and 0.3^m free Ca2+). After incubating at 37°C for 10 minutes the reaction was stopped by adding 25^1 ascorbic acid (10%, pH 5.0) and 100jA ammonium molybdate (15mM)/zinc acetate (lOOmM) solution. The color reaction, which is based on the formation of an ammonium molybdate^-complex, was measured spectrophotometrically in a microtiter plate reader (Dynatech) at 620nm after incubating for 15 minutes at ambient temperature. To exclude false positives caused by nonspecific effects of phosphate or Ca2+ in the crude extracts, blank plates without microsomes (phosphate blanks) and blank plates without Ca2+were run in parallel to the assay plates. 
